Ventilatory and gas exchange kinetics during exercise in chronic airways obstruction.
The influence of chronic obstructive pulmonary disease (COPD) on exercise ventilatory and gas exchange kinetics was assessed in nine patients with stable airway obstruction (forced expired volume at 1 s = 1.1 +/- 0.33 liters) and compared with that in six normal men. Minute ventilation (VE), CO2 output (VCO2), and O2 uptake (VO2) were determined breath-by-breath at rest and after the onset of constant-load subanaerobic threshold exercise. The initial increase in VE, VCO2, and VO2 from rest (phase I), the subsequent slow exponential rise (phase II), and the steady-state (phase III) responses were analyzed. The COPD group had a significantly smaller phase I increase in VE (3.4 +/- 0.89 vs. 6.8 +/- 1.05 liters/min), VCO2 (0.10 +/- 0.03 vs. 0.22 +/- 0.03 liters/min), VO2 (0.10 +/- 0.03 vs. 0.24 +/- 0.04 liters/min), heart rate (HR) (6 +/- 0.9 vs. 16 +/- 1.4 beats/min), and O2 pulse (0.93 +/- 0.21 vs. 2.2 +/- 0.45 ml/beat) than the controls. Phase I increase in VE was significantly correlated with phase I increase in VO2 (r = 0.88) and HR (r = 0.78) in the COPD group. Most patients also had markedly slower phase II kinetics, i.e., longer time constants (tau) for VE (87 +/- 7 vs. 65 +/- 2 s), VCO2 (79 +/- 6 vs. 63 +/- 3 s), and VO2 (56 +/- 5 vs. 39 +/- 2 s) and longer half times for HR (68 +/- 9 vs. 32 +/- 2 s) and O2 pulse (42 +/- 3 vs. 31 +/- 2 s) compared with controls. However, tau VO2/tau VE and tau VCO2/tau VE were similar in both groups. The significant correlations of the phase I VE increase with HR and VO2 are consistent with the concept that the immediate exercise hyperpnea has a cardiodynamic basis. The slow ventilatory kinetics during phase II in the COPD group appeared to be more closely related to a slowed cardiovascular response rather than to any index of respiratory function. O2 breathing did not affect the phase I increase in VE but did slow phase II kinetics in most subjects. This confirms that the role attributed to the carotid bodies in ventilatory control during exercise in normal subjects also operates in patients with COPD.